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© Disclosed is a schematic capture and design 
verification system wherein the graphic symbol (402) 
linked to a component is separated from the model 
(422, 426) used to simulate the component Each 
component has a graphics symbol (402) linked to a 
link or scion page (404). The link page (404) also 
contains a list of all models that can be used with 
the component. The system allows a model to be 
selected (406) for each component in a schematic, 
and allows the model to be changed at any time. 
The system also allows the models for all compo- 
nents to be changed with a single command. The 
user enters a schematic (602) into the system, then 
selects a model for each component used in the 
schematic. After a model has been selected for each 
component, the user requests the system to build a 
netlist that describes the schematic to a simulator or 
other analysis or synthesis tool. In building the netlist 
(616), parameters are extracted from the link page 
for each component and included in the netlist to be 
used by the simulator. When a different simulation is 
desired by the user, the user instructs the system to 
change the model linked to the components to a 
new model suitable to the second simulator. The 
system then builds a new netlist, using parameters 



specific to the new model and the second simulator. 
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COMMON SYMBOL LIBRARY ARCHITECTURE 



FIELD OF THE INVENTION 

This invention relates to engineering design 
and more particularly to computer systems for doc- 
umenting and simulating such designs. Even more 
particularly, the invention relates to computerized 
design capture systems for documenting, analyz- 
ing, and synthesizing engineering designs. 

BACKGROUND OF THE INVENTION 

With the availability of high-powered graphics 
workstations, a number of tools have been devel- 
oped for the capture of engineering designs, such 
•as electronic designs, mechanical designs, and 
software designs. Once captured, analysis, synthe- 
sis and evaluation may be performed on the de- 
sign, for example logic simulation or printed circuit 
layout. Many tools exist for performing the analysis, 
synthesis or evaluation and many more are certain 
to be developed in the future. 

Historically, schematic capture systems -- used 
to document a design, and analysis tools - such as 
circuit simulation, were developed separately. More 
recently, these have been combined into a single 
design capture system to facilitate their use with a 
design. In such a system, the capture of the design 
is separate from the analytical tools. First the de- 
signer inputs the design into a graphics system, 
which displays the design for visual checking. After 
the design is input, it may be sent to the analytical 
tools for evaluation, or it may be sent to synthesis 
tools such as printed circuit layout. Because of the 
nature and size of these tools, they have been 
developed independently, often by different com- 
panies. 

Typically a system from a single company will 
support documentation, simulation and printed cir- 
cuit layout Since all these tools are supplied by a 
single source, the graphics symbol used for docu- 
mentation, and the circuit model used in simulation 
are linked together. A problem arises however, 
when a model for a particular circuit component is 
not available on a design capture system, or when 
simulation at different levels of accuracy is desired. 
Because of the high growth rate and availability of 
semiconductor components, it has been difficult for 
modelers to keep pace. As a result several different 
modeling companies and modeling technologies 
have emerged, and several different models often 
exist for a given component. Different models often 
are desired to simulate a circuit at different levels 
of accuracy, for example behavioral simulation or 
gate level simulation, or to perform different simula- 
tion analyses, for example logic, timing, or fault 



analysis. 

Because the graphics symbol and model for a 
component are linked, each different model has a 
unique symbol. If a user desires to simulate a 
5 captured schematic with a different model, the user 
must translate the existing symbols into the new 
symbols, and redraw the schematic using the new 
symbols. Problems arise when the symbols do not 
readily translate. This translation takes time, be- 

w cause the user must delete the old symbol and 
insert the new symbol into the schematic. 

In addition, since graphic symbols require con- 
siderable storage space, the storage of separate 
symbols occupies valuable disk storage space on 

is the design capture system. Extra symbol develop- 
ment time is needed to develop the different sym- 
bols for different models. Often the different 
models will have considerable common informa- 
tion, however, since these models are completely 

20 separate, this information must be converted or 
recreated along with the symbol, with possible ef- 
fects on data integrity when converting from one 
model to another. Integration of the models from a 
new vendor requires that a new graphics library be 

25 integrated, which delays and complicates the in- 
tegration. Also, with the symbols and models com- 
bined, each model developer is free to create a 
different user interface between the symbols and 
the models, and often this user interface is in- 

30 consistent between different models. 

There is a need in the art then for a design 
capture system that uses a single graphics symbol 
for a plurality of circuit models contained in the 
system. There is a further need for such a system 

35 that does not require redrawing the schematic 
graphics when a different model is chosen. Another 
need is for such a system that reduces storage 
space for the symbol library, and reduces symbol 
development time. Yet another need exists for such 

40 a system that maintains data common to a compo- 
nent in a common location to increase data integ- 
rity and reduce storage space. Still another need is 
to provide a system having a consistent user inter- 
face. A still further need is for such a system that 

45 facilitates new model integration by eliminating the 
requirement to integrate a new symbol. 

SUMMARY OF THE INVENTION 

so It is an object of the present invention to pro- 

vide a schematic capture system wherein an elec- 
tronic component has a single graphic symbol 
which may be linked to any one of a plurality of 
circuit models. 

It is another object of the present invention to 
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provide such a system wherein changing the model 
linked to a circuit component does not require 
redrawing of the component graphic symbol or the 
schematic using the component. 

Still another object of the invention is to pro- 
vide such a system that reduces disk storage 
space requirements for the models. 

Another object of the -invention is to reduce the 
time necessary to develop component models by 
removing the requirement to develop a symbol for 
all models developed subsequent to the first 
model. 

A further object of the invention is to provide a 
system that allows a model to be linked to the 
components of a schematic after the schematic has 
been completely entered into the system. 

A further object of the system is to provide a 
single command that links a new model to all 
components on a schematic. 

A still further object of the invention is to allow 
model-specific parameters to be entered for each 
model to be used, and to maintain this parameter 
information when switching between models. 

Yet another object of the invention is to im- 
prove data integrity by retaining data common to 
multiple models in a single location. 

Another object is to reduce the time required to 
install and maintain a model in the system since 
symbol installation and maintenance is only re- 
quired for the first model. 

The above and other objects are accomplished 
in a schematic capture and design verification sys- 
tem wherein the graphic symbol linked to a compo- 
nent is separated from the model used by a tool to 
process the component. Each component has a 
graphics symbol linked to a scion or link page. The 
link page also contains a plurality of couplers, one 
for each of the models that can be used with the 
component. Models having common characteristics 
for a family of components are grouped together as 
a model type. 

The system allows a model type to be selected 
and linked to each component in a schematic, and 
allows the component to be linked to a new model 
type at any time. The system also allows the link to 
model type for all components to be changed with 
a single command. 

The user enters a schematic into the system, 
then selects a model type for each component 
used in the schematic, which results in a specific 
model being selected for each component. The 
user may also accept a default model type for a 
component if desired. After a model type has been 
selected for all components, the user requests the 
system to build a netlist that describes the sche- 
matic to a simulator or other analysis or synthesis 
tool. In building the netlist, parameters are ex- 
tracted from the coupler for each component and 



included in the netlist to be used by the tool. 

If the user desires to use a different tool, he or 
she instructs the system to change the models 
linked to the components to new models suitable to 

5 the second tool. The system then builds a new 
netlist, which may be in a different format, using 
' parameters specific to the new models and the 
second tool. The system also maintains the original 
model links for the first tool so that changing back 

10 to the first tool does not require relinking the com- 
ponents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

75 The above and other objects, features, and 
advantages of the invention will be better under- 
stood by reading the following more particular de- 
scription of the invention, presented in conjunction 
with the following drawings, wherein: 
20 Fig. 1 shows a block diagram of a computer 
system incorporating the present in- 
vention; 

Fig. 2 is a flowchart of the process of enter- 
ing and processing an electronic de- 
25 sign. 

Fig. 3 is a diagram of the present invention 
showing a single symbol being used 
for multiple models; 

Fig. 4 is a diagram of the links between a 
30 single symbol and multiple models; 

Fig. 5 shows a hierarchy diagram showing a 
symbol and the tools, models and pa- 
rameters linked to the symbol; 

Fig. 6 shows an example of a symbol and its 
35 usage in the system; and 

Fig. 7 shows a symbol being used for mul- 
tiple models within multiple tools. 

DESCRIPTION OF THE PREFERRED EMBODI- 
40 MENT 

?"**' 

The following description is of the best pres- 
ently contemplated mode of carrying out the 
present invention. This description is not to be 

as taken in a limiting sense but is made merely for the 
purpose of describing the general principles of the 
invention. The scope of the invention should be 
determined by referencing the appended claims. 
Fig. 1 shows a block diagram of a computer 

so system incorporating the present invention. Refer- 
ring now to Fig. 1, a computer system 100 contains 
a processing element 102 which processes the 
instructions of the software of the present invention. 
The processing element 102 is connected to the 

55 rest of the system through a system bus 104. A 
keyboard 106 is used by the designer to input the 
schematic, and the system displays the schematic 
to the designer on the graphics display 108. A 
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graphics input device 116, for example a mouse, 
trackball or digitizer, may also be used for input. 
The graphics symbols and models used with the 
display are stored on a disk 112 and accessed 
through a disk controller 110 and the system bus 
104. Memory 114 is used to store the software of 
the design capture system when it is being ex- 
ecuted by the processing element 102, and to 
store the schematic data and link pages. 

Fig. 2 shows a flow chart of the process of 
entering and processing an electronic design. Re- 
ferring now to Fig. 2, after entry, block 202 cap- 
tures the design graphics entered by the designer. 
In this block the designer identifies to the design 
capture system the components being used in the 
design, and identifies the connecting wires between 
the various pins of those components. During and 
after completion of block 202, the captured design 
will be displayed to the designer on the graphics 
display 108 (Fig. 1). After the design has been 
captured, block 204 selects the processing tool 
which - will process the design to perform some 
function for the designer. For example, a user 
might select a logic simulator to simulate the func- 
tions of a digital design. After the processing tool 
has been selected, block 206 links the components 
of the captured design to the models associated 
with the tool selected. Block 208 then combines 
the graphics of the captured design, and the model 
selected in block 206 to build a netlist that de- 
scribes the components of the captured design, the 
wires connecting those components, and the pa- 
rameters associated with those components for the 
selected model. Block 210 then uses the netlist 
built in block 208 to execute the selected tool to 
perform the desired function for the user.. Block 
212 then determines whether additional tools will 
be used to process the design, and if so, block 212 
transfers back to block 204 to select the next tool. 
If no more processing is desired, block 212 exits 
the design capture system. 

Fig. 3 is a diagram showing a single symbol 
with the ability to link that symbol to one of a 
plurality of models. Referring now to Fig. 3, a 
captured design 300 is shown, and is illustrative of 
a design that might be captured using the flowchart 
of Fig. 2. The captured design 300 has a first 
component 302, a second component 304, and a 
third component 306. These components are all 
connected by wires 307. Dashed lines 316 illustrate 
that the second component 304 has a single graph- 
ics symbol which can be linked to one of a plurality 
of models 308, 310, 312, or 314. 

Fig. 4 is a diagram showing the linkage of a 
single symbol to multiple models. Referring now to 
Fig. 4, the present invention represents the symbol 
tor a component of a schematic by a graphics 
page 402, and a scion or link page 404. The 



graphics page 402 contains the graphic image that 
will be displayed on the graphics display 108 (Fig. 
1) each time the component symbol is used in a 
schematic. The link page 404, which is a part of 

5 the component symbol, defines all the tools and 
models to which this symbol can be linked. For 
example, the symbol shown in Fig. 4 can be linked 
to two toots, A 406 and B 408. The user will select 
tool A or tool B, depending upon the processing 

w desired, when the tool processing in started. Con- 
tinuing the example, within tool A 406, this symbol 
can be linked to two model types, A1 and A2. The 
symbol is shown currently linked to model 
A1_74LSXXX through the model type parameter 

75 406, and the model coupler 410. The model type 
defines a family of models, each having common 
characteristics such as accuracy of simulation, and 
within a type each component has a model. The 
system allows a user to change the model type 

20 parameter for all components with a single com- 
mand, thus easily changing from one model within 
a tool to a second model within the tool. Also, 
different symbols within a schematic may be linked 
to different model types, or they may all be linked 

25 to the same model type. In this way, for example, a 
microprocessor and its memory within a schematic 
might only be simulated at the functional level 
white al! other components might be simulated at 
the gate level. 

30 Model coupler A1 410 contains a pointer to the 

model 422 located on the disk 112. The coupler 
412 for model A2 also has a pointer to its model 
426, also located on the disk 112. The coupler 410 
has two parameters, delay 414 and exfile 416. 

35 These parameters are used by the design capture 
system to build the netlist which will be passed to 
toot A, when tool A is started. Coupler 412 also has 
a delay parameter 418, which is comparable to the 
delay parameter 414 of the coupler 410. Together 

40 the model type and the coupler form a link be- 
tween' the symbol 402 and one of the plurality of 
models 422, 426. In another embodiment the 
graphics and links could be combined into a single 
page. 

45 Fig. 5 is a hierarchy diagram showing a symbol 

and the tools, models, and parameters linked to the 
symbol. Referring now to Fig. 5, a symbol 502 can 
be linked to one of a plurality of tools, illustrated by 
tool 1 504, tool 2 506, and tool M 508. Each of 

so these tools can have a plurality of models, here 
illustrated by model 1 510, model 2 512, and 
model N 514, linked to tool 1 504. Each model for 
the symbol can have a plurality of parameters, here 
illustrated by param 1 516, param 2 518, and 

55 param P 520 which are sent to model 2 512. In this 
manner a single component symbol having a single 
graphic image is used with a plurality of tools and 
models to perform a variety of functions using the 
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captured design. Since models are linked to tools, 
when the designer wishes to use a different tool to 
perform a different type of processing, defining the 
new tool to the design capture system automati- 
cally links a new set of models and parameters to 
the symbols of the captured schematic. Within a 
particular tool, the designer may link any one of a 
plurality of models to each symbol, as might be 
required for different accuracy levels of simulation 
in a single design. Because of this hierarchy of 
organization, integrating a new tool into the design 
capture system does not require the integration of 
a new symbol for each component, therefore sav- 
ing considerable time when each tool is' integrated. 
Because a single symbol is used for all the tools, 
considerable storage space is saved on the design 
capture system as well. The user also saves con- 
siderable time when changing models or tools, 
because using a new tool, and therefore a new set 
of models, does not require redrawing of the sche- 
matic on the graphics screen. This also saves 
considerable user time since no conversion from 
one graphic symbol to another is required when 
tools are changed. Also, because of this hierarchy, 
the designer is not constrained when entering the 
schematic into the design capture system, since 
the designer may select the model and tool at any 
time. 

Fig. 6 shows an example of the usage of a 
symbol in the design capture system of the present 
invention. Referring now to Fig. 6, a schematic 602 
having an AND gate 604, a JK flip-flop 606, and a 
NAND gate 608, interconnected with several inputs 
and a single output, is shown, AND gate 604 has a 
corresponding link page 610 that contains a model 
type parameter for model type A and model cou- 
pler for model A__7408, having a delay parameter 
of two, for use with tool X. Flip-flop 606 has a 
corresponding link page 612 with a model type 
parameter for model type A and model coupler for 
model A_7474, having a delay parameter of three, 
for use with tool X. NAND gate 608 has a cor- 
responding link page 614 that has a model type 
parameter for model B, and a model coupler for 
model B_7400, with a gate delay parameter of 
two, also for use with tool X. 

The circuit connections of the schematic 602 
and the link pages 610, 612, and 614 are combined 
by the design capture system to produce a netlist 
616. The netlist 616 shows all the connections of 
the schematic 602 and includes the parameters 
associated with the components of the schematic 
found on the link pages. In the netlist 61 G, model 
A_7408, with the delay parameter of 2, is linked to 
the symbol U1. The pins of symbol U1 are shown 
in the order they are connected, that is, IN2, listed 
first, is connected to pin 1 , IN3, second in the list, 
is connected to pin 2, and NETX, listed third, is 



connected to pin 3. Similarly, model A_7474 is 
linked to symbol U2, and the pin connections for 
U2 are described. U3 is linked to model B_7400 
and its pin connections are also described. 

5 Once the netlist 616 is built by the design 

capture system, it is passed to tool X 618 for 
further processing. Tool X could be a simulator for 
the logic, or a printed circuit layout tool to create a 
printed circuit for the schematic, or some other 

70 type of analysis or synthesis tool. 

Because of the method of linking the sche- 
matic components to particular models within a 
particular tool, demonstrated by the above exam- 
ple, it is very simple to change to another tool, for 

75 example tool Y, and have the design capture sys- 
tem create a new netlist having a different format 
for this new tool. Also, the system can change the 
model used for all symbols by globally changing 
the model type parameter on all link ^ pages. In 

20 addition the values for all parameters having the 
same name can be globally changed by the sys- 
tem. 

Fig. 7 shows a symbol being used for multiple 
models within multiple tools. Referring now to Fig. 

25 7, a captured design 702 can be used with any one 
of a plurality of tools, for example tool 1 704, tool 2 
706, tool 3 708 or tool M 710, and within each of 
these tools each of the components of the captured 
design 702 can be linked to any one of a plurality 

30 of models. 

The methods and apparatus described above 
are useful for a broad array of computerized design 
capture systems. They would be suitable for any 
design capture system that uses a single symbol 

35 which may be linked to more than one model. 
Examples of such systems include software design 
capture and mechanical design capture. 

Having thus describetf-a presently preferred 
embodiment of the present invention, it will now be 

40 appreciated that the objects of the invention have 
? ~been fully achieved, and it will be understood by 
those skilled in the art that many changes in con- 
struction and circuitry and widely differing embodi- 
ments and applications of the invention will suggest 

45 themselves without departing from the spirit and 
scope of the present invention. The disclosures 
and the description herein are intended to be illus- 
trative and are not in any sense limiting of the 
invention, more preferably defined in scope by the 

so following claims. 



Claims 

55 1. In a design capture system, a process for 
using a single symbol (402) for a plurality of 
models (422, 426) comprising the steps of: 
creating a link page (404) for said symbol 
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(402); 

linking said symbol to said link page; 
creating a plurality of model couplers (41 6, 
412) on said link page, one for each of said 
plurality of models; 

linking one of said couplers to each of said 
plurality of models (41 1 , 413); and 
linking said symbol to a predetermined one 
of said couplers (406). 

2. In a design capture system having a plurality 
of symbols (402), a process for capturing a 
schematic (602) from a user of said system 
and for using one of a plurality of models (422, 
426) for each of said symbols comprising the 
steps of: 

(a) creating a link page (404) for each of 
said symbols; 

(b) creating a plurality of model couplers 
(410, 412) within said fink page, one for 
each of said plurality of models (422, 426); 

(c) linking one of said couplers to each of 
said models (411, 413); 

(d) linking one of said symbols (402) to 
each of said link pages (404); 

(e) capturing a schematic (602) comprising 
the steps of 

(e1) accepting from the user a list of 
selected symbols (604, 606, 608), and 
(e2) accepting from the user a list of 
connections between said selected sym- 
bols; 

(f) accepting from the user a model type for 
each of said symbols; and 

(g) linking each of said selected symbols to 
one of said plurality of couplers identified 
by said model type (406). 

3. The process of claim 2 further comprising the 
step of: 

(h) accepting from the user values for one 
or more parameters (414, 416) within each 
of said model couplers (410, 412). 

4. The process of claim 3 further comprising the 
step of: 

(i) combining said list of connections with 
said parameter values to produce a netlist 
(616). 

5. A design capture system having a symbol 
(402) and a plurality of models (422, 426) 
comprising: 

a link page (404); 

a plurality of model couplers (410, 412), one 
for each of said plurality of models (422, 
426), within said link page (404); 
means for linking said couplers to said 



models (411, 413); 

means for linking said symbol to said link 
page; and means for linking (406) said sym- 
bol (402) to a predetermined one of said 
5 couplers (410, 412). 

6. A design capture system having a plurality of 
symbols (402) and a plurality of models (422, 
426) for allowing a user to input and process a 

70 design, said system comprising: 

a link page (404) for each of said symbols; 
means for linking one of said symbols to 
each of said link pages; 
a plurality of couplers (410, 412) within each 

75 of said link pages (404), one of said cou- 

plers for each of said models (422, 426); 
means for linking each of said couplers to 
one of said models (41 1 , 413); 
means for capturing a schematic- from the 

20 user comprising means for accepting a list 

of selected symbols, and means for accept- 
ing a list of connections between said se- 
lected symbols; 

means for accepting from the user a model 
25 type for each of said symbols; and 

means for linking each of said selected 
symbols to one of said plurality of couplers 
identified by said model type (406). 

so 7. The system of claim 6 further comprising 
means for accepting from the user one or 
more values for parameters (414, 416) for each 
of said couplers. 

35 8. The process of claim 7 further comprising 
means for combining said list of connections 
with said parameter values to produce a netlist 
(616). 

4o 9. The system of claim 7 further comprising 
r**" means for setting parameter values for all pa- 
rameters of all couplers having a common pa- 
rameter name. 

45 10. The system of claim 6 further comprising 
means for relinking said selected symbols to 
new couplers. 

11. A design capture system for allowing a user to 
so input and process a design, said system hav- 

ing a plurality of symbols (402) and a plurality 
of tools, each said tool having a plurality of 
models (422, 426), said system comprising: 
a link page for each of said symbols (404); 
55 means for linking one of said symbols to 

each of said link pages; 
a plurality of couplers (410, 412) within each 
of said link pages (404), one coupler for 
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each of said plurality of models (422, 426); 
means for linking each of said couplers to 
one of said models (41 1 , 41 3); ; 
means for capturing a schematic from the 
user comprising means for accepting a list s 
of selected symbols, and means for accept- 
ing a list of connections between said se- 
lected symbols; 

means for accepting from the user a tool 
name; w 
means for accepting from the user a model 
type for each of said symbols; and 
means for linking each of said selected 
symbols to one of said plurality of couplers 
identified by said model type (406) and said is 
tool name. 

.12. The system of claim 11 further comprising 
means for accepting from the user one or 
more values for parameters (414, 416) for each 20 
of said couplers. 

13. The system of claim 12 further comprising a 
single means for changing parameter values 

for al! parameters having a common name. 25 

14. The system of claim 12 further comprising 
means for combining said list of connections 
with said parameter values to produce a netlist 

for use by said tool. 30 

15. The system of claim 12 further comprising 
means for relinking said selected symbols to a 
different one of said plurality of couplers. 

35 

16. The system of claim 15 further comprising 
means for retaining said parameter values in 
all said couplers after said relinking. 

17. The system of claim 11 further comprising 4u 
means for adding additional models to each of * 
said plurality of tools. 
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© Disclosed is a schematic capture and design 
verification system wherein the graphic symbol (402) 
linked to a component is separated from the model 
(422, 426) used to simulate the component. Each 
component has a graphics symbol (402) linked to a 
link or scion page (404). The link page (404) also 
contains a list of all models that can be used with 
the component. The system allows a model to be 
selected (406) for each component in a schematic, 
and allows the model to be changed at any time. 
The system also allows the models for all compo - 
nents to be changed with a single command. The 
user enters a schematic (602) into the system, then 
selects a model for each component used in the 
schematic. After a model has been selected for each 
component, the user requests the system to build a 
netlist that describes the schematic to a simulator or 
other analysis or synthesis tool. In building the netlist 
(616), parameters are extracted from the link page 
for each component and included in the netlist to be 
used by the simulator. When a different simulation is 
desired by the user, the user instructs the system to 
change the model linked to the components to a 
new model suitable to the second simulator.' The 
system then builds a new netlist. using parameters 



specific to the new model and the second simulator. 
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